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Naked DMA vaccines have a number of advantages over con ver*t?ooai vaccines, bat induce only weak 
sromuns responses. We have here investigated If this Inadequacy may be overcome by mducmg 
muscle to secrete fusion proteins with the ability fco target antigen-presenting ceUs (APC), The novet 
targeted vaccines are homodlmers with (I) two Mentkal isingle-chaln fragment variable (scfv) 
targeting units specie for MHC cfass ® molecules on mouse AFC; {») a human ig hsnge and 
dirnerszatson unit,, and (Sfs) two identical scFv tumor antigenic unrts Qdiotypes) from S ee£ cancers; 
After plasm Id infection and electroporatlon of mouse muscle, secreted vaccine proteins (vscd- 
bodses) delivered idiotypic tumor antigen to APC in draining! lympb nodes for induction of T and S 
Cell responses that protected mice against tumor challenges with a multiple myeloma (MOPC315) 
and a 8 ceil lymphoma (A20). Targeting to APC was essential for these effects. The results show that 
Imrounogemdty of pfasmld DMA vaccines can oe Increased by inducing muscle to secrete proteins 
that target antigen to APC 
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Introduction 

Naked DMA vaccines have a number of advantages. [146 
however, a serious drawback is poor immunogenicity of 
encoded antigens [3-&L The latter deneieney car: fees 
partly overcome by subjecting plasmid-injected muscle to 
electropoiation [7-9] or collection of plasmids that 
encode cytokines or chemoklnes [10, H J for attractioii of 
dsiidritic cells [1.2], 

Targe-ting to AFC Is particularly ef&dent for simulation 
of GD4 + T cells thatxeco^nize peptides presented an MHG 
class II molecules [13-16}. Activated CD4* T cells have a 
crucial role in providing help to B cells and CDS + T ceils, 
facilitating a broad Immune response to antigen; We have 
here explored if targeting of protein antigen to APC may 
improve imrounogenicity of plasmid DNA vaccines. To 
this end Tve have developed soroi Ig-antigen tusion 
molecules. 

As antigen m these studies, we have used V regions of 
monoclonal Ig produced by g cell tumors. V regions 
express antigenic determinants, edited idiotopes (id), 
which are highly tumor specific for individual B cell 
cancers. Immunization with monoclonal Ig, i.e.,, Id 



vaccination., induces protection against tumor challenges 
in mice [i ;7j and has entered clinical trials, with encourag- 
ing results [18.19]. Tumor protection may be conferred by 
id-specific antibodies (20,211 and Id-specinc T cells 
[22,233.. : 

Because monoclonal Ig V regions are very weak 
antigens, ;a number of different approaches and adju* 
vants, including DNA immunization, have been 
employed; to enhance enMeney of M vaccination. Thus.; 
injection of Ig genes as naked plasmids induced anti-Id 
antibody responses and turner protection £21,24!. More- 
over., monoclonal antibodies or scFv have been genet* 
icalSy conjugated to GM-CSF j&S], chemokines^ (26}, 
C-D40L t&l tetanus toxin fragment C \1% and 
]2?j and; used as protein vaccines £25-29) or DNA 
vaccines [26,28,29} for vaccination against myelomas 
and B cell lymphomas. However., in these cases, it was 
unclear whether enhanced uptake of fusion proteins by 
APC, maturation of APC, or both contributed to 
enhancedi immune responses and tumor protection. In 
particular- it was not studied whether BNA-injected 
muscle secreted protein that targeted APC. 
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We here describe a novel vaccine reagent and demon- 
strate that naked DRA. vaccination and targeting of 
protein to APC may be .combined to enhance turgor- 
protective Id-specific irnrutme responses. The experi- 
ments were performed both m aB cell lyixipiiO-na model 
(A20> and in a multiple myeloma model 'fMOPC3l5)., the 
latter model has the advantage that a well-defined MHC 
class li-festhcted T cell idiotope has been described in the 
V region of the mveioiria protein a2 s * s Ig L chain (aa 91- 
101} IpXMl Moreover, CD4* T cells spedfic for this id 
(i2 3is ) ( presented by the class II molecule, have been 
described to confer protection against a tumor challenge: 
with MOPC3X5 ceils f22,23"L 

Results 

Design, Genetic SoristmetJon, and Functional 
Characterization of Targeted Vaccines 
The designed mol^cjules are hohiodimers, each chain 
consisting of a targeting unit, a cUmerization nnit> and 
an antigenic unit (Hg\ I A). As N-terminal targeting units, 
we used variable regions f/n * V L connected by a flexible 
linker: I.e., scfv) from mAbs specified below. The dirneri- 
sarioa nnit consisted of a shortened hinge region Chi and 
h4. exons) and a C 5 0 domain frora human -y3 chains. The 
C-tenninal antigenic unit contained scrv rrorn nio^se S 
cell tumors specified below. The two chains were expected 
to hoThodimexize by hydrophobic interactions between 
Ch3 domains and disulfide bonds forming between 
cysteines in the hinge (Pig, 1A). The construct is shown 
in ^if: IS, 

In the functional expenments to follow, s^e employed- 
a scFv from the 14-4-45 mAb specirlc for MHC classic (1-5) 
molecules as a targeting unit. As a nontasgeted control 
we niaoe a construct iii Which die I~r>specthe scFv was 
exchanged with, hapten 54odo^hydroxy-3-nitrophena^ 
cetyl (NIP}-specifk scFv &oui the Bl-S mAb. As antigenic 
units, we used Fumcr-speoric scPv from the BAlB/c 
MQPC3I5 myeloma and the A20 B lymphoma cells. 
Vaccine protein secreted by transfected cells had a sise 
and homodimeric structure as predicted, and the target- 
ing and antigenic units were functional since they bound 
antigens and antibodies as expected (Fig. 2). 

DNA Infection and Electroporation of Muscle Induce 
Expression of Functional Vaccine Proteins in Serum 
After injection of 50 jig plasmidlnto quadriceps of BALB/c 
mice, immediately followed by eiectroporation to 
enhance expression, we found NlF-spedhc protein in the 
range 20&-7SO ng/ mi in serum at* day 14. In striking 
contrast, we did not d^ct I-E-specific protein (Pig. 3A) r 
The latter finding could be explained if the I-E-specmc 
vaccine were functional in. vivo and therefore bound I-£ d 
MH C class II molecules expressed on APC of BALB/c (H-2 4 ) 
mice. To test this, we compared serum levels of L£-specific 
protein in two pairs of mice with similar non-MHC 
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FiC* 1. Ptslgn afid CGnstructkkn -a? lareeted vaccines. (A) The vaccine proteins 
are' §omo<umers. Each chafo is composed of an am&o^ermtrtai scFv (VL+VjJj 
targeting u^tt (yelbvy) that binds MHC disss l\ \\<r) snofecuses on A?C, a 
ciroerizaSipFV unit cc*rij505e;d of 5 shpfie«ad human tg hinge (gray) and 
ctomaSnr O&ue), snd an ar&§ea:c unit corresponding to tumOf-speCvtC .ScFv 
frorn it>onoc?onsf ic of a rnujyple n>yefOrria {MQFC3*5} or a B eel; lymphoma 
(red). As s nofit^rgeted ccintiro^ the MHC dasis n-ssscific scfv v*as repiaced 
w;th s hapten <W5-5peegSe scFvr. An .MHC dass g-ses&ct^ CD4* T ce-i 
epitope k bcatec sn the (aa 91-101) ef scrv ni . (B) Gene construct. 

The targeting unit (yelioW) is inserted into the V cassette of the pt^OHI 
vector. The dimerixatiori ufiii, composed of hi and h4 hinge axons (gray) and 
the C K 3 exori of human <bi^>, is linked to the antigenic unit (red), and 
inserted together in the C! cassette of plNOKl The (d$h sinkers (orange) 
5f>d GLSGL Jinker (green) are indicated-. The gene is expressed; froriTi a C&V 
prorROKr (hsiched) and sUescer sequence (striated) of the pL^OH2 vector 
(lincoJored). lipstream cf hi is an inttonic sequence (iiight gray). 



backgrounds and that either express I-E (BALB/c and 
BI0.D2, both Br2 d ) or do not (BALB.B arte C57Bi/10, both 
I-£-s|^ciiic proteins were readily detected lis serur-i 
of BALB .B arid C57B1/10 mice in the raiage 200-600 ng/sxal, 
while they were Jiotrdetecred in BALE/c and B10:D2 mice. 
Thus, on two di^erent n.on-lyfHC backgrounds, we showed 
that I-E-spedrlc proteins are ps^duced b^tbiiid54>.iC dass 
I! molecules if preseht (Fig. 3B). 

We detected hardly any vaccine protei-rs in the absence 
of eiectroporation i(Fig. 3C) ; consistent with previous 
reports demonstrating that eiectroporation enhances 
expression of plasmid genes [7-9}. A titration experiment 
indicated that 3.12 tig, divided on two injected qtsadriceps 
muscles, was the r^iniin^m amount for generation of 
detectable levels of vaccine protein in sera. Levels of 
protein increased with the amount of injected piasmids 
up to the largest dose tested (200 ag) (Fig. 3D}. We detected 
Vaccine proteins in itiaximqin amounts in serum at day 7; 
thereafter thelevei ^adxia% declined until day 1 70, when 
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nothing mM be detected (Fig, 3G). This demonstrates 
that muscle produces targeted vaccines for prolonged 
periods of time. 

Targeting of Vaccine Protein to APC Is Essential to 
Induce Antibody Responses 

Within 14 days, BALS/c mice injected once with 
I-E^specific plassnid developed an antibody response 
against- V regions of the M31S myeloma protein (Big ? 
4A). Antibodies were id-specific since they did bixid 
J558 IgA with different V regions {data not shown). 
Levels of anti-Id antibodies reached a maximum pO 
days after vaccination, after which levels slowly 
declined -until they reached the lower detection limit 
at day 170, Only snial! amounts of IgM anti-Id 315 could 
be detected and only very early in the response. igG2a 
dominated for the first 50 days; thereafter, more IgGl 
was detected (Fig, 4B), Repeated glasmid infections 
ever/ tfcitd week b6psted antUd antibody 1 responses 
(compare Bgs, 4A and 4H)j moreover, I§G2a remained 
the dominating isotype within a time span of 63 days 
(data not shown). 

Targeting of protein to APC was crucial for induction of 
antvld antibody responses because injection of NIP- 





specific giiasmids induced only delayed;, weak antibody 
responses (figs. 4Aand 4B). In fact, when we plotted levels 
of anti-Id: Ab vs. vaccine protein in an x-y plot, a very cleat 
relationship cai&e out: mice injected with I-E-sperfttc 
plasrnids;had no vaccine protein in serum but patent 
anti-Id antibody responses.- while mice injected with NIP- 
specific pksnnds had detectable levels of vaccine proteins 
in serum; but no anti-Fd antibodies (Fig. 4C). This result 
suggested that targeting of DNA-encoded antigen to 1-E 
positive APC yearly enhances antibody responses. 

To test further the effect of targeting vaccines to I-E 
MHC class II molecules, we perfonaed an experiment 
in MHC bangenic mice SALB.S mice which are 

similar t<S BALB/e (11-2% except, that they lack I-E MHC 
class I! ^nolecules^ had no detectable anti-Id 315 anti- 
bodies following DMA infection of 1-E-spedfic plasmids. 
By contrast, a strong response was observed in SALB/c 
mice that express ht (Fig. 4D). Similarly, C57M/10 
mice (Ft42 b ) had no detectable anti-id 315 response, 
while WlkDZ mice (H-2 d ) did. These results show that 
targeting; of antigen to class II molecules on APC is 
essential for induction of zntirte antibodies. 

Levels ;of anti-Id antibodies increased with amounts 
of injected plasinids. Moreover, higher amounts of 



a 




HC 2. M31 5-vaodne proteins are secreted si junc- 
tional horrrodirners. Targeted and naritcifgeted: vac*. 
c:r>€$ are -dsnetfe* (?i: £ F* l5 ) 2 arid (f£ :p fj' s )^ 
respectively. (A) 10% SDS-PAGE and autoradiography 
of ^taboiicsiiy teseled protein imrr.unopreoipttated 
Srorn culture supematants of NSC t^nsfactants* 0bi:i- 
Sda bends Were reduced (+) or not red weed <-} with 

df aatibenic scfv* ' ? in the vaccine format svas tested by 
the ability to bind the hapten DNF (for which ftSlS ss 
specific} and the Ab2-1 --4 mAb (spedftc ;6r idioiype of 
f yJis^ ^ n HJSA Vaccine proteins were detected with 
b&ttoyfetad VA-specrfic 3 AS rrjAb, which binds pv 51 * 
<VA5) and ?v W:F (Vil), but not (Vk). (C) Main- 
•enance Off bit? specificity was measured by binding to 
N(f*-3SA ict £USA.. detected by biotirjyiated 9A& or 
Afe2-3 A mAbs, 0) Maintenance of Sr£* MHC class i! 
specificity fe targeted vscdnas, Staining cf SaLS^c (H- 
2*} cm* v scisRdcjtes with dsss B-specific protein 
(open histogram) and the rxsnisroatihg <Ni?)-specffic 
protein (fitted histogfaJn). Sound proteins were 
detected with tfucrochrcrne-febejled 5AS mAfo that 
b?nds M TS . 
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3. M3 ^vaccine protein in ssrvtfr; ©iter :r>tf»^ 
imuscijJar injection of rested pJassmds. Vaccine 
proteins were rrtesfsured in £ sandytfeft tUSA that 
deltas both (N^ f v 3 - s )2 inc i ;(F V »^ f y 3:5 ) z pro- 
teios, (A) Vaccine proteins to sera of SAlS/c mice, 
vift&h. express- 1-£ MHC cJass mcigcu-es, tested $4 
days after irjectfefc of 50 fig plasmlds and eleciro- 
pofSuon. <B) Vace-ne protein present sera after 
injection of 50 jto of MHC cfcss S-spedfe ptesrc&fc, 
foftowedby ciectropo?£tjdrv sn straios of msce that 
have rimuar non MKC gefietfc background rxtt 
that difrer it> absence or presence of i~£ dass ?• 
cnoiscyies [SfiLSfc f>t*} vs. 3AL8.S (fecks t-E); 
510.D2 (.^*) vs. (ferics !-£)]. (Q Vaccine 

proton present in sers after injecticr: of 53 
p*-as<nki£ fql-ovyec? or rkstfc-slovved (-EP) by 
eiect-op^ratiorv (£?) Seruns protein teveb afer 
injection of Pirated amounts of p&smids and 
e^ttfopcratiaru 
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plasrnids resulted in earlier detection, of antibody 
responses OFig. 4.E). The lowest doss that induced anti- 
id Abs was 3.12 jig of I-.S-specine plasmids {rig. 4£>. Irie 
antibody responses were dependent upon in v*Ve electro- 
poratioh, since BALS/c mice that received class S- 
spedflc. plasrhMs in the absence of electroporation had 
hardly any anti-Id antibody response (Fig. 4B), 

Trie sustained IgG antibody response (Figs. 4A-4F) 
indicated an ongoing immunization by the targeted 
vaccines, which is consistent with protein being 
present in sera for up to 170 days after a single 
piasmid injeaion Wifr 3), To test this idea farther, 
we vaccinated SALB/c mice with I-E^spedfic plasjnids 
and blocked binding to I E .molecules by saturating the 
mice with 14-4-4S rnAb. the donor rnAb of the scFv of 
the irE-specirlc vaccine construct- While injection of 
isotype-rnatched control rnAb had no effect, the X4-4- 
4S rnAb completely blocked developrnent of ants-Id 
antibodies during the 28*lay in)ecnpn period (ftg. 4G). 
However, 14 days after the last injection of anti-I-E 
rnAb, the mice started to develop increasing amounts 
of anti-id antibodies. These results indicate that 2-£- 
specific vaccine proteins are st3H produced and secreted 
more than 28 days after vaccination, suggesting a 
prolonged vaccine effect. 

Targeted Vaccines Enhance Stimulation of CD4* 
T Cells isz Vitro and in Vivo 

Targeted vaccines were 100-1000 tunes more emdent at 
presenting the epitope to CD4* T cells than 

riontargeted protein, demonstrating thai binding to 
MHC class It molecules on APC induces superior T ceil 
responses In vitro- (Fig. SA). Moreover, £■ days after 



injection of MHC class U-specific plasmids and eiectro- 
poration. APC in draining lymph node (Us) were primed 
and able to activate A2^ 5 -speci&e CD4* T ceils in an in 
vitro proliferation ^ssay (F% $B). We observed similar 
results on T cell activation also in vfva because -*2 31S - 
specific CD4* T ceils in draining LN had an increased 
expression of the early activation marker CD69 (Fig. 5C) 
and proliferated (incorporated 5-bromo-2- -deoxy-uridine 
(BrdO),. Fig. SD). |Both priming of APC and T cell 
activation in LN required targeting to APC, because 
injection of nontargeted MF-specSSc plasmids failed in 
•fSm respect (Figs. We found primed APC and 

activated T cells only in draining lumbar and sacral LN 
and not in nondrai^Ing mesenteric counterparts; 

Targeted Vaccines induce Protective immunity 
against the MOPCilS Myeloma and the A20 E Cell 
Lymphoma 

Targeted class 11-speciric plasmids induced significant 
protection in vaccinated BALB/c mice against a sc 
challenge with MOFC315 ceils, while npntaxgeied N[P- 
speeific piasinids did not, even though both contained 
Fv 315 <Fig. *>A, P < 0.01), Hie protection confened by 
vacdnation with class Il-speciSc plasmids correlated with 
a pronounced reduction of M31S myeloma protein in 
serum. (?!g. 6BK Qoie to identicar findings were obtained 
in xnice vaccinated three times spaced 3 weeks apart (Fig. 
6A)> thus, the increased serum levels of aii^-Id antibodies 
hi response to repeated vaccination (Fig\ 4H) did not 
increase the protection level compared with a single 
injection. We obseryed similar tumor protection also in 
mice vaccinated with single' inieciians of S00 and I2.S u% 
of I-E-speciac piasmid, while a single in'jection of 3.12 jig 
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smes a week vwtn either 1 00 ug 1 4*4*4$ Specific) mA? or 1 00 j*g £CM is^pe-mat^wd confeo* wAb f?cm day 0 and day 33, as indicated by tfc* bar (ft 
Tstai amMj antibogtss in mice Ejected three timgs wrth 5C< jig pSasmkis and eiectroporMed on days- C, 21 , and 42 {sr*e#s}. 




straps of mice that 
B : 0.D2 (i-E*> 
of 56 jig naked 
chli-:d antibodies by the 



Tfii^APV V«>:. xx, rsfe. xx. Month Yt-ac 
Cdpytfghr S The Afnerkza Society erf Gene Tharaoy 





150 - 




75 - 






¥ 


SO - 








25 - 




o - 




3 



-O- {Pv^F.n 



8 




15 ' 



& 



0 1 



goto 



"7 




— (f^ 

isctypa conte! 

~ ■ - f « F *\ tionriSaftg U< 
tfjslve 



Sesntfiaihf?^ l>< 








FIG. S. The vaccine reagent tgSK&tif&toxs T ceS epitopes in viarp snd to.vwo, (A) fesdfeied (8 Gy) SALS/t ssJaer. ceSs were pulsed wkh Strait ar^.jr.ts o* 
sitfcer das* S-spedfic or noniarge-ing NiF-spedfic proteins before Washing and addition of pojsnzec V/.2 515 -sj5ecjf:c Th2 cells from TCMf*a$3$n?c --ce 
? fr ^ 2 isasr Ssy fccarpoaifcn of [ 5 H]c7dfc. in V^ 5,5 -s^ciSc TCR-^ransaenk SOD ifride w*« injected ^35 wife 50 W 

psasrrods arte eteropc; |ted. <5) Dining (lumbar and sacra?) and ncnorafnirtg fcftesentefk) Symjto node ceSs were isolated « days after vsccnstSori irrsd&ted 
and -«cnms with J2»* -specific ?A3 382 7 ceifc. <£> Qnltfhg $mph node sells, tefeen 1 5 days after vscdnsddn, v* re stained for 3ow-e*orP*tnc ana&sb' 
Gated nk dpr-otvpe CD4 7 cOmm analyzeo for COS* expression, NondraSnsn^hrmph nodes and n^TOt*w*mfc SOD mice served as conWais %\ 
vacated and naTve transgenic mice received BrdU ip and in the drinfcnc water from day 8. On day H gated TCR donc-typ^ 7 ceHs in d^naand 
npnGraming tyjr.pn nodes wsrs analyzed for Srdli incorooration. = 55 



piasmid was insufBdent to induce protection (data not 
shorn). ElectTqporaSoh yeas required since vacdnatidn 
with SO {ig class H-specifie pia^mids in the absence of 
eiectroporation. failed to induce protection (data not 
shown). The protection induced by targeted teenies 
was specific for Fv 515 because vaccinated -nice succumbed 
to a chaiiengg with another IgA myeloma, JS5S (Fig. 6A). 

To extend these results to a lymphoma model, with 
differing antigenic V regions, we geneScaHy replaced the 
se?v 31v anugenic unit with seFv* 29 derived from the 
BaLB/c A20 B cell lymphoma. Mice vaccinated with SO =ig 
targeted MHC class ^specific A20 plasmids, and electro- 
porated, were protected against a so challenge with A20 B 
eel] lymphoma cells, while mice vaccinated W lth the 
non targeted A2Q piasrnids were not (Fig- 6C, P < O.QI). 
Hence, these targeted vaccines appear to be an efficient id 
vaccine for both myeloma and B cell lymphoma. 

We here show that the effect of naked DNA vaccinatiGn 
can be enhanced by the nse of plasiriids eneodiiig novel 
^-antigen fusion molecules that target APC, Thus, trans- 



fection of muscle -cells with targeted vaccine genes 
resulted in tumor antigen-primed APC in drainixig LN A 
T and B ceil respon^^s, and protection agamst subsequent 
tumor challenges Mth a myeloma and a B cell lym- 
phoma. Electroporation of the muscle DNA injection site, 
previously shown to enhance gene expression and 
immune responses ! [7,8,32], boosted efSciency of. the 
targeted vaccine, tm features may have contributed to 
efficient targeting to AFC: hivalency and lack of binding 
to Fc receptors (since the designed molecules lack € H Z 
domains). 

Vaccine protein with iiapten (NIP) specindtv could he 
found in serum for a^ long as 5 months after a single DNA 
injection and electt^pGration, with maximum amounts 
(200-700 ng/mi) being detected as early as 7 days. Thus, 
muscle cells can synthesize and secrete these" vaccine 
proteins as well as natural ig {32-34] for prolonged periods 
of time,, both having a complex dimenc structure and 
interchain disulfide bonds- in previous studies, genes have 
been delivered with viral vectors [3334] or piasmids 
combined with electropofatiori {32$, the latter having 
the advantage of avo^enng imnrune responses against viral 
proteins. The prolpriged secretion of the vaccine protein 
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RC. 5. DfOA vacdna^on wim tsrgeiad-vacdae constructs mdtf&s protSCtM to tumor chaltengb- (A) EA*.B/c mice ware injected sncf eajctroso** 
asKed ptosids sfioscSng MHC dsss il-spsdSe vaccine CP* 1 * F v ?,s )3, nontargetsa NiF-sp$ci?5c vaccine (5/* ' Q * 0 9% M*CL toure 

in»nuttM m ;cs were chsSenged sc vwih 1.6 x 10 s MOPC315 or £58 myeloma as a flegsSwiffltraL -n another e^sdstient. mice we vsccWeci npwftdv 
* n d ^s ^ 21 ' and ^2 (see f^. 4H> snd challenged vwtfc MOPGHS triytfoma cefc on day S3, k taoor of >S rnm v/ss scored as tumort^ke. (5) Levels cf Wi$ 
rnyetoma omtejn jr> the sera of single ^cdnated mice on tfe>< 1 3 after 5 change, N.b v hot Seiected, (O BAi.3/c *riis? ^& btefiSSKi vtith S3 M ci n-kec 

SWSSf 0 *^ MHQ d ^ *** scFv antigefjic unit from the .£20 B ceil fe^rria <F^ or n^rgetad Specific ASO^ctma 

K & o? 0.5% Nag. Fo urteen days later; vaccinated rnJce wera chaJlenged sc with 1 .2 * 1 0 s A2S S ceB ^mphorro cells. 



described herein apparently recited in immunization of 
long duration extending for at least 28 days and IgG 
antibodies characteristic of a secondary B ceil response. 
Consistent with this, repeated injections of targeted 
yacdne plasmids did not alter the level of tumor protec- 
tion, although the rnaximxjin levels of anti-Id antibodies 
were increased fourfold. If prolonged immunisation is 
unwanted, vaccine production might be abrogated by 
Including an inducible promoter hi the construct. 

It was essential that injected pksrnids encoded protein 
with the ability to target tumor antigen to APC, This 
result is corisi^tent y^ith previons rlndings that targeting 
of protein to A£C is important for iiidnaion of irnraune 
responses 113,1635]. The targeting effect is most likely 
due to enhanced uptake of protein by AI 5 C and channel- 
ing of antigen M%o the conventional .pathway for MHC 
class II presentation to C&Zr J cells Importantly, we 
found prirned A?C in draining LN that activated CD4^ T 
cells. Targeted protein could have loaded local APC in the 
electroporated n*usde ? %-vhere MHC class JT cells of an 
underined phenotype bave been dsscnbed p$J. Alter- 
natively, proteins could drain to LN where they might 
prime resident A£C. Plasmids might also have transferee 
APC m the nluscie [37,38] or m the draining iyrnph node 
\3%.m\; however, this Is considered unlikely* because in 



Case nontargeted proteins should also he erBcientl}^ 
presented; which they were not. Since primed APC were 
detected in TCR-trarisgenic SOD mice that lack S cells, 
A? C ^ereimost likely macrophages or dendritic cells. 

The vaircine reagent has been constructed so that the 
antigenic iunits should express conformatiori-dependent 
antigerucjdeterniinants recognized by B ceil receptors 
(BCR) of S cells. We envisage that 8 cells with a speciric 
SCR will bind the antigenic unit cf vaccine proteins, 
followed by processing and presentation of antigen to 
helper Cl|4 + T cells that first have been simulated by 
primed dendritic cells or macrophages (see preceding 
paragraph). B cells could recognise eiiixer soluble vaccine 
protein pjr protein bound to APC as in E ceil-APC 
synapses f^lj. 

Although, targeted protein elicited production of anti- 
Id antibodies., these might be of little significance in 
protection; against the MOPG315 myeion^a cells because 
antibodies should be blocked by ubiquitous jv[3 !5 mye- 
loma protein. It might be more inxportant that the 
targeted proteins potently stimulated Pv 315 . specific 
CD4* T cf lis since sudi Id-specific CD4" T cells have 
been shokm. to be tumor protective in this rnodel 
[^.2^4^i. in the A2D B cell lymphoma model, however, 
axiti^d antibodies might be of greater Mrportanc? since 
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(i) £ lymphomas express BCSt in their cell membra-i^, (ii) 
they secrete little Ig > and <ili) saiti-idiOtypic antibodies 
have been shows to hwe an anH4vsir>hoisa effect 

11*e design of the vaccine construct as an assembly of 
indi vidua] cassettes makes it easy to generate novel 
targeted vaccine molecules* thus^ the targeting unit can 
be exchanged ivith scFv of other specificities as well as 
non-Fv ii^ands like chemoklnes (A3.B, and S.B.> unpish- 
iished data), fhe antigenic unit can within ^veeks be 
exchanged v&ih another ttwnor-spedflc scFv : as shown 
herein. Moreover, we have produced targeted constructs 
with soJPv from rniatipie ncyelama ceils of patients., 
indicating that individnalized, tailor-made vaccines for 
specific patients may he made in this format (Marianne 
Pieyland, A-B.F>. and .B,B. e unpublished data). We believe 
that these molecules combine several factors important 
for induction of a. .strong immune response such as 
bs valency, flexibility, no FcyR binding, and inclusion of 
both B and T ceil epitopes: It may therefore be feasible to 
construct such rnoiecules for a variety of infectious and 
cancer diseases, and. we denote theni as vacdbodiesv 
Based on the present results, immunisation with vacd- 
bodies might be considered for immunotherapy of multi- 
ple sn^Ioma and B cell lymphoma patients, * 



Materials and Methods 

Mwre a^d CeU Lines 

3ALS/C mice and -U^-specinc MHO class t$ G^-restxlct^ TCK-traris* 
fetifc mice. 6a .5 SCTD background [23] were bred, by Taconie i*Ry, 
Seamark)-.- B1D05^ 3ALB.B, and CS7BV16 niice were 601a Harlan US 
Ltd. (Bicester, England). The study was ^proved by the Nations! 
GosstaSitee fi>r Arjfcaai - Experiments (Gste. Norway); the MOPC315.4 
0gA> [371 Sn4 J553 tigA, xl> cell Sines wexe -feom ATGCy wfe&e the 
SAlS/cS cell hrapberrta A20 <SgG2a, $3 celt Ese [43] was &n d!y provided 
fay 2>f. Soren Sous .■Copenhagen}- theSX-SC-! ;a a ^pec2$c, l-E^strfcted 
CLH + T ceil clone 7 A10B2 has beea described previously {44}. 

Constnsoilors of Vaccine Molecsjes. 

Tfec &&erk&tfosi zstizt. The dirnerizatipn unit tvas clrtnec from a pUCl9 
vesitt ;? that contains the h4 hfcige exos gefieiicaliy combined Wtfc the 
C«a domala of 0*$ bigG3 Subclass T-i£ primers' included restriction: 
err^yrne sites (underlined): 51i4, T4<3 C AAGCJTTG GCCAgCG CAGGG AG; 
SC*^ C ^OGCCACCGAGQCC TTTACCCOGAGACAGGGA^ The hi exoo 
was introduced diractiy upstream of the h4 exon by QnickChahge PGK 
using the foiling primers (hi sequence is shewn in hold): hi..-,, 
5"<TeCCAATCTTCT^ 

C.%ACTCACAC4GAGCCCAAATCTrGTGACAC-3'; and hi,2, S'-GTGT- 
CACAAGATTrGGGCTCTGTGTGAGTTGTGTCAsCCAAGTGGfi- 
G-S i F! G AGCT<>TGC AG AiGAG AAG ATTG GG AG-3'. 

<*n£$eis2c ti&tt. The antigenic M3I5 and A20 V region genes. v;e,-e 
cloned fc»ra MOFC3 ISA myeioma ceils Of A2G B cell iynspfcoroa ce$s t 
respect*. kiRMA was «e?ra«edirom the cefi lines wthvUgom^mS 
magnetic X>ynsbeads (S>yna; AS. Osio, Nonvay). First-strand cDKA was 
?.yrkheskecS ant used as ienaplate for PGR arnphricadon or V regioo genes 
usir fc g speciiic prkuers annealing to the exact ends of the V region 
sequences. The primers Included restriction enzyme sites (underlined), 
linkers (Md) ; andstopisrodoRS (ita'Uc). The -sifcaef sequences Were S^15 
V H _. GGCCTCA^yCGGCCiGG AGGTGCAGCTGCAGG4GTCT; 3^3X5 V H , 



GG^GAGCe^GetGCGCCAMTCCSCGTCCACCITjA 
GAGAGTGGf; 5^315 V u GGC<yGA<rSTG<SCFGTGGGGGT ! GGCG- 
GATCX^GGCTGTrGTGAGTCAGGM;3^3l5Vi, GA CGtGGAC TAGG 
ACAGTGACCrrGG'ITGq; S'A20 y H . GGCGTCAGCffGCC7 GAlX3CnX> 
GAACTGCAGCAGTGA; '3 7 A2D V», TCCCGATCCGCCACCQCCAGA- 
G C C A. CCTC C AGCT d A G OA G A CT G7G A G T 7C C G t ? 5 ? A 2 0 V- v „ 
GGCGGTGGCGGATGGQGAG^ASGCGGTTCTGATGTTGTGAT- 
GACGGAGACT; yA20 C AGGCCCTG CAGGGG f ACTTC- 
CAGGTTTGTGCC 

AKti^fac BWft * &msris&8vn sinit Tbe y s .ana V L genes wece joined by 
PC&SdBng jntoa $c?v ^ibnat. The M315 scl-V prcdnct was then joined to 
the hinge-C>;3 genes (see ahove) by PC?. SOEing. The product of this 
reaction -was digested wi+n Hwdlli and $mi and sufec]oned Jnic? a paC19 
vectdT, Tvvo restriction enz^se -sites aiside the V H and v\ of Jvi3I5 

were removed hy O^lckGfcange PCR ^sing prtmers BaraHI ATGG- 
CaACTGGATAC.AAGAAAAACG; BaniVil GGl^lTICTTGTATC- 
CAGttGGCAT; 3amHi TGGAACTGGATACGGGAGltl'CC; and 

SsmHr' V M 2, GGAV.^GCGGTATCCA.GTTCCA, Next, to introduce a 
stop codon (italic) and ja S/SI and a *J«?r;H?. rest.rict.iori enzyme site 
{underlined) dowristrearni of coding region, a Q^lcfcChange J?GR was 
perrormed using primeri 5*V f . s?opI, GTCACTGTCCTA rc ^GGCCf 
CAGGGCCGGATCCG TCGACTGI'AG.. and stopZ, CTAGAGTCGACG: 
GATCGGC<C^GCAGGC:CT CArAGG.4CAGTGAC Trni constract was 
digested with f&tdHI and j&i??;Hi and suncicned int& the C cassette of 
the expression vector pLNOif 2 $M} 1B>L To exchange the M5I5 sc?v 
in the- antigenic unit with the A20 scFv product, the nLrK>?i2 
pissroid ss veil as the A20 scFv ?€S. ptodact ?5raes digested with the 
restriction erizj-rne and the A20 scPv was. lighted, into the digested 
plasmid cemtainin^ the targeting zsxd dirr.erizatior. unit. 

The- t£Bge&ng-jsni& 'The \f region genes that provide speeffiertv fo? kiHC 
class it were Cioned $35: t>ora the I4*4^4S hybridonja, which products a 
asAh specific for the £2 diairi (deiexminarit izm.7) c| tfc« ' I-H MKC class U 
moiecsrie. SpeclSc primers that anneaJ to the exact ends of the V region 
sequences, and with tag^ designed to .include restriction enzyme sites 
^underlined) or linker sequences ihold), tvere SV^ GACATTCAATTGAx 
CAGAGTCITCrCCTGCilTCC: $V Lt GCCAGAGCCACCTCGGCCA- 
GATCGGCCTCGACCrrTGATrrCCAGCTTGGTGCC;3 GG.GGC-A- 
GGTGGCTCTGGCGGT'SGGGGATCGCAGGTC^ 
sTV* G ACGTACGA CXC4CCTSA^GAGACGGTGACTGaGG. The rea?- 
raagsci VpJ g«ne nosn the Bl-S B ceti nybridoma spsciSc for d>e hapten 
NIP [47| was CGjiib'ned. v.ith a VaI (Gel-tech) regjen gene to yieid a scFv 
with NIP specfn'ejty. Th2 primers tvsre designed with siuiijar tagsequences 
as for t4r4-45, except ft>? the S'Vj. primer. 5^ : .. GGTG TGCATT CO 
CAGGCi'GTTGTGAGTG4GGAA; d^u GCCAG^GCO\CClCGGGCAr 
GAiGCGCCTCCACCtAGGACAGTCAGTTTGOTACCT.- SV H , 
G GCGG AG GTGG GTCTGGCGGTG GCG G ATCGC AGGTCGA.AGT G C AG^ 
CAGCGj •S'Vu, G AGGTAGGA C^C^CC^GAGGAGACTGTGACAGTGG^ 
The Yf. and Vg were then iosned by PGR SO£Lng> digested with J^Srl 
and SjiWl or Bpv.t and Siiis% re$pec£iveiy, and suacioned into the v 
cassette in the pLS;CK2 vector already containing the hi&%e-CyZ-$c&£ ts i 
scrv-^- 0 genes in the C cassette (Fii?. IS;. 

Prodttcrson and Purification of ^'hcciue Proteins 
The pLNOKZ vector that carries complete vaccine reagerii genes 
exprissed from a -C>^V cjremote? (Hg. IB) \vas stably transfected Uxo 
N5& ceiis fey eiecrropo£atiif5h- Vaccine proteins w-se afnnJty purified 
from superriatant on I?NF ([bound by :4Sj 01 N*b~Iysme~ 

Sepharose commits (Signis). 

Metabciic L^hclirig ssid itsiiv^noprecipitatipii 

T^SO cefis transiected with MBlS-vaccine constructs \vece labeled Lpr 6 h at 
37*C in 1 ml R?MI lacking methionine and cysteine, with pSJmeth^ 
nine and { 3 "S|c5^teine (Amersham;. The sape^atant vras Incubated with 
ariti-mense V\ <?A8) and iprecipltated wirh magnetic beads coated widi 
sheep anti-rat IgG T>ynabei<& (DynsJ AS). Bvesd proteins' in sarnie bnftet 
xyjih or without mercap*oethanoI were run on a ?0% SbS-i>AGE* The geis 
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vsarft fixed^ inoaoated wSth Amplify £fc2tezshazs$, dried, and exposed tc 
3IOMAX-te& f&n Eastman Kodak Co., UT. USA); 

^eassraavcsii of MSS5-Vacc£ne ?rot*;in, Asiti-id As3tih<?diies, and 
Myeloma Protein by Sandmen SLISAs 

DNPrBSA, Afc&-2 .4.fc*puse : snAb specific for serv^ (Le. ? 
or NIP-BSA was used as coat. t^htie &oiiny&fed rat antj-rnouse V>j 
(S&S rnAS tfcat detects Fv 3 "^ ?53Vj*rig a YZZ domain) or bibthiyfetsS 
!*P^aX7 fanti-husxsn IgG <C«. f 3;j was issfcd as election cxAb. Punned 
vaccij3.« protests served as standards. 

ATttz*tU#typsc as&bpdies with spa&fjdt)* for Fy***. Myeloma prctain 
M3I5 (IgA, vt2) vras used as ?pat and anfj-I^ Afcs ^vere detected |s>r s 
biotmviate4 anti-mouse re snA& (187.1- bio) or biotnrjdated anti-snoase 
TgGl, igG2* f and tgM jfiAbs (Fharmirlgen}. AS2^-4 {igGI, anti-Id^-* 
csAb *vas used as standard in some of the Et.tS.4s. 

MS2S myaioma protein. M3Xo rrjjreXoma protein -was measured as 
described 132}. 

How Cyipnjetr5- 

BAXB/e spienocytes were incubated witfe anii-CpI9 F5 and NIP- or MKC 
dass tt-speci^c ^ccihe protein. After being v/ash&d, bound proteins weie 
revsaled by biotirryiated 9AS (ahd-VA) and strepuvidni ?eiCS.. Twenty 
thousand csSs were ran <jn PAasCaiibur (3t> Biosciences, Mountain View; 
•CA. USA) and analysed using the Win&S>£ sofrvyare. 

V&A Vaccinariors an3 Eiectr^ji^ration 

Six- to la^v^-oid BALS/c asd 057SS/*S mice were 

anesthetized, inieeted «4tfc plasmids .(purified v/ith sndofeee Qiagsn kit; 
jrj the qiiadriceps uiuscie, and eiectsopcr^ted, as previously described 1321. 
Groups consisjed of three to sewn dice; means ± SEM are gives. 

Tumor Chaaenge 

U6PC3 • 5:4 c^k (1.6 x 10 s ) or A20 ceils (1.2 * SO 5 ) were injected sc in. 
the right Sank. Turned gjrcwtfc was R^or^&tzdhy pzipztior: ati# by iise dia 
cafipetv The mice *vare sacritsced when the uifnor diameter reached 15 
>sa\ Survival parvus and statistics- analyses were calculated by use of 
GraphTad Prism 3.0 software: (San t>iegc ; €A, USA). 

T CeH and APC Assays 

®t wire T esis protifer&ti&n assay. 7 ceil proiiferatrbn assays vefcre 
permrmed as previoijsiy described {35}. Brieriy, irradiated (20 Of) BALB/ 
c spleen APC (5 x 3 0 s eeHs/v?en} were ihcubated v<rsih titrated ajaoaa^. of - 
vaccine protein roc 4 b at 37*C in Sat-bc-ttoni microtiter pia.ua. 

The cultures ttexs tfteri washed three times before addidbri of polarized 
/2^ s -specmc Th2 cells (2 * ?3*Mef& derived from TCS transgenic SOJI> 
mice [35^. A 91- 107 >l2 3i * synthetic peptide was used 25. a positive control, 
Met 48 h, cHa cuitures ^rere pwlsed fer 19" h v?itb 1 pCi [^HfdTdH and 
harvested, and incorporated ^H}dTdS ^^as measyred. 

in vfvt> detection ^'grifred LN APC. A2? iS -speci.gc TCS^traiisgenic SCIB 
mice i23>. were injected jm Mth 5G |ig plasmlds and electroporated. Sight 
days later, dfaining (lumbar and sacral) and nondrairdng (rnesenteric) 
:y-aph node ceils 'veere treated >dth coliagenase arid DNase and irradiated 
(20 Qy? and 5 >< i0 s ceils/we?] were incubated a /.Z^-speciSe T eefi 
clOEie, 7AI0B2 £44]. After 46 b., the cultures were pt-lsed with I j*Ci 
^HidtdS. Ii^cOrpdrated pH}d'i>iR was measured after 22 h. 

CD® &t$ee$iB&a. Tea days s&az vaccination, diai?2iag and liOKdraining 
ivvmph node ceiis v^ere triple stained with biotinj^ated GS113 mAb 
ciDnotype-speciti^ tbf the transgenic TCk t AFC-conlugated a;itj-CD4. and 
?E^6riju§at«d ant^CDC>9 ^armJrigen). Hie biotirsvisted GB 1.1 3 mAb 
^•as detected by strepts vicin CyChrome. 

BrciU ifzcGrpCTixticn, Vaccinated mice v^re given ! mg Brdii ip on cays S 
and i I and 1 mg/mi SrdU in dunking xvatsr starting' on day S. GB1.13 
G£M* T ceiis in tb.2 diaining and nOndra!nmg iympb nodes were stained 
at day 14 with an APC SrdU tlow Scit ^hanningsri;. Tne cells v/ere ruri On 
a FACSCaiibur c\torr ; -2ter. 
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